The aim is to evaluate the influence of oral contraceptive intake and menstrual cycle on the electrical activity and pressure pain threshold from anterior temporal and masseter muscles. Twenty-eight women on reproductive age were selected, 13 OC users and 15 nonusers. They were weekly submitted to electromyography and algometry of the anterior temporal and masseter muscles during three consecutive menstrual cycles. Electrical activities at rest position and PPTs of temporal and masseter muscles were not affected by menstrual cycle or by OCs uses. Comparison between groups demonstrated that working side electrical activity was increased in OC users in both muscles, except during lutheal phase for the anterior temporal. However, comparison within weeks did not demonstrate statistical difference. It was suggested that, in healthy women, oral contraceptive use may influence electrical activity, but different phases of the cycle may not.
Introduction
Temporomandibular disorders (TMD) are more frequently observed in women than in men, and 80% of treated cases are females [1] . This high predilection has been associated to reproductive hormones and constitutional factors [2] - [4] . Age and gender can influence the muscular function and thickness and men have a greater muscular potential as compared to women [5] [6] . The hypothesis of a gender-dependent risk profile for signs of TMD is partly supported. The gender-dependent risk profile for signs of TMD is cited by some authors [7] . Some studies demonstrated pressure pain thresholds (PPTs) variations across menstrual cycles, but, results are still conflicting [2] [8] [9] .
Also, the prescription of exogenous estrogen in the form of estrogen replacement in menopause or oral contraceptives during reproductive years may increase the risk of TMD [10] [11] . Some authors verified a slightly increased risk of TMD for oral contraceptives (OCs) users; however they could not attribute their results to a specific hormone, because the majority of pills were combination of estrogen and progestin [11] . Others did not find increased risk of developing TMD in OCs users [12] . In a recent study, it was verified that different phases of the menstrual cycle have no influence on PPT values, regardless of the presence of a previous condition, as masticatory myofascial pain, while the intake of OC is associated with decreased levels of reported pain [13] . In other study, phase-related differences in experimental pain response were not strong [14] .
Menstrual cycle is a process associated with significant changes in hormonal status and behavior [15] . It is, therefore, not surprising that hormone variations occurred during the cycle has been found to be associated to a psychophysical variation and sensitivity to noxious stimuli [16] .
It is possible that an association between reproductive hormones and pain exists, as well, pressure-pain threshold alteration, stress and anxiety in women. However, the already published studies still present conflicting results, and it is important to have more studies with non-symptomatic individuals because it decreases some patient variables. Therefore, the aim of the present study was to evaluate the influence of the intake of OC and menstrual cycle on the electrical activity and pressure pain threshold from anterior temporal and masseter muscles.
Methods

Subjects
Thirty females in reproductive age were initially recruited for this study. All volunteers were examined according to the Research Diagnostic Criteria for Temporomandibular Disorders (RCD/TMD) [17] presented no signs and symptoms of TMD. Twenty eight females between 18 and 32 years old were included in the study, as two of them failed to return at appointments. Fifteen of them were not OC users and were not users of any form of hormones (Group 1 -G1). The other thirteen were OCs users (Group 2 -G2). The Group 1 presented regular menstrual cycles (28 ± 3 days) and they had not taken OCs for at least three months. Women using OCs had to be using low dose pills (estrogen and progesterone combination) for at least three months [2] . The OC group was taking exogenous sex hormones only for contraceptive purposes, confirmed by the volunteer's physician. The OC were required to be used in a cycle of 21 days for active medication followed by 7 days without active medication. They were students at Araçatuba School of Dentistry, University of the State of São Paulo, Brazil.
They were also free from metabolites and neural diseases, gynecologic disorders, migraine, chronic abdominal pain, psychiatric disorder and not being treated for any pathology or using any chronic medications. Patients missing teeth (excluding third molar) were also excluded.
The selected subjects were informed about the research and signed an informed consent form in accordance with the recommendations of the Human Research Ethics Committee (FOA-UNESP-2004-01162).
Experimental Protocol
Each subject received oral information about procedures of the study, but they were not informed about the hypothesis. They were examined weekly during three consecutive menstrual cycles and the exams initiated at first day of menses of the first month. The menstrual cycle was divided into four distinct phases starting at: (1) 1st day of menstruation to 2 days after; (2), 7 th day ± 2 days: (3,) 14 th day ± 2 days; and (4) 21 st day ± 2 days. They were instructed not to take any analgesic medication before exams [18] .
Women who were not on OC group predicted their ovulation. They were instructed in how to use the ClearPlan (ClearPlan Easy, Unipath Research, Princeton, NJ) ovulation prediction kit and received enough kits for the first cycle.
They were submitted to electromyographic (EMG) measurements and algometry. Al results of the exams were recorded to posterior comparison and analysis. Prior to EMG measurements subjects were questioned about their preferred chewing side (PCS) and it was registered. All subjects were evaluated by the same professional previously trained for EMG exams and algometry.
EMG Measurements
All subjects were submitted to EMG measurements weekly according to menstrual cycle phases cited above. During the EMG recordings, the subjects were kept in a comfortable sitting position with no headrest, with the Frankfort horizontal plane parallel to the floor [19] .
Prior to installation of electrodes, the skin overlying right and left anterior temporal and masseter muscles, as well as the right side of the neck was cleaned with water, toilet soap and alcohol to reduce impedance and enhance signal conductivity. The patients were asked to clench so that the investigated muscle could be palpated, allowing the localization for placement of surface electrodes [18] . The most prominent part of the major muscle mass of the anterior temporal was determinated by digital palpation. The masseter muscle was also palpated and localized.
The bipolar surface electrodes (BioResearch, USA) applied were disposable duotrodes, which were 10 mm in diameter. A 21-mm inter-electrode distance was utilized and the electrodes were connected to an amplifier by cables, which was in turn connected to a computer with Bioresearch 'Bio EMG' (USA) software installed, allowing the electrical signal to be captured and the electrical activity of the muscles to be analyzed. The following parameters were utilized: sampling rate 1000 (Hz), sample length 15 (s) and amplification 1 X. Electrodes were seated bilaterally over dry skin parallel to the muscle fibers at the prominent part of the major muscle mass of the anterior temporal and at the middle of masseter muscle. The EMG activity was recorded at 1) the mandibular rest position; 2) During unilateral chewing of three raisins on the patient's PCS and at the opposite side. During mandibular rest EMG activities were recorded at the 2nd, 4th, 6th and 8th seconds, and during chewing, EMG activity was recorded at four alternated clenches.
Algometry (Pressure Pain Threshold)
Before the procedure started, volunteers were carefully instructed about the significance of PPT and a few tests were performed on their hands [13] .
Volunteers were sat in a dental chair in an upright position described above. Both sides of the face were evaluated and they were identified as PCS and non-PCS. The PPT was determined as the point where the pressure stimulus applied to the skin change from sensation of pressure to pain [13] . The PPTs were evaluated by means of an algometer "Wagner model FPK 5". The tip of the probe has a circular rubber tip with an area of 1 cm 2 , and a 5 cm hook. The local for placement of the rubber tip was the most prominent area of the major muscle mass of the anterior temporal and masseter one during clenching. Prior to algometry, subject was asked to relax and maintain the jaw in rest position. Then, the investigator supported the patient head with one hand on the opposite side of the pressure point during algometry. The PPT was determined as the point at which the pressure stimulus applied to the skin change from sensation of pressure to pain [13] . The volunteers indicated the PPT by elevating hand when they have had identified painful sensation. Three measurements were made at each visit, with a 5-minute rest interval between trials [20] and the first pressured point was randomized selected. The PPT was calculated by averaging the 3 measurements.
The EMG activity and PPTs means of every week of three menstrual cycles were considered for statistical analysis. The different phases or weeks of each group could be compared and different groups could be compared.
PPTs and EMG measurements at rest position were evaluated on PCS and non-PCS. At chewing tests only working side was analyzed while subjects chewed on both sides.
Statistical Analyses
The Variance Analysis (p < 0.05) for repeated measures designs was performed to compare groups and it was followed by Tukey's test to elucidate the group differences at each week of menstrual cycle (p < 0.05).
Results
Statistical differences between groups were not detected at rest position on both sides (Temporal muscle: PCS, ANOVA; p = 0.12 and non-PCS, ANOVA; p = 0.13; Masseter muscle: PCS, ANOVA; p = 0.26 and on non-PCS, ANOVA; p = 0.09) ( Table 1 and Table 2 ).
ANOVA has shown statistically higher electrical activities from anterior temporal muscle on the working side in OC users (G2) on PCS (p = 0.0004) and non-PCS (p = 0.0005); during chewing ( Table 3) . The within groups analysis has shown difference on correspondent weeks on both sides (Tukey's test; p < 0.05) except in luteal phase of non-PCS (Tukey's test; p > 0.05). Masseter muscles activity from the working side chewing from G2 was also significantly elevated when compared to that from G1 on PCS (ANOVA; p = 0.0019) and non-PCS (p = 0.018) ( Table 4) . The within weeks analysis has shown no difference on both sides (Tukey's test; p > 0.05).
Anterior temporal and masseter muscle PPTs on the working side of chewing were not statistically different (ANOVA; p = 0.46; p = 0.55, respectively; Tukey's test; p > 0.005) although OC users have had lower PPT than non-OC users ( Table 5 and Table 6 ).
Discussion
A number of authors have studied the possible relationship between sexual differences and orofacial pain [2] - [5] [8]- [10] [13] [18] . Methodological differences and problems associated with most experimental pain studies, however, do not provide any definitive conclusion [13] . Table 1 . Anterior temporal electrical activity at rest position (µv). Table 5 . Anterior temporal pressure pain threshold of muscle at rest position (kgf/cm 2 ). The hypothesis that PPTs of masticatory muscles are influenced by the phases of the ovarian cycle is accepted in some studies [2] The determination of menstrual cycle based on temporal cycle day criteria alone may not be considered accurate and it may cause variability of results [18] . At present study, two out of the four phases could specifically be determinated: the menstruation one, confirmed by subject; and the ovulation one, predicted by ovulation kit. Therefore, we could recognize phases with a high grade of security.
Pain has been associated to hyperactivity [21] [22] but there are no studies associating muscle activities with menstrual cycle and oral contraceptive uses. Since oral contraceptives are being suggested to increase pain and risk of TMD, [11] [12] the present study intended to evaluate the influence of oral contraceptive intake and menstrual cycle on the electrical activity and pressure pain threshold from anterior temporal and masseter mus-cles. A number of studies used rest position to analyses alterations in muscle electrical activity [21] - [23] [25] [26] . As our study was performed with asymptomatic women, we did not find any variation in electrical activity at rest position of oral muscles PPTs during different phases of the menstrual cycle. No difference was found between OC users and non-OC users as well. These last results are in accordance with a recent study [13] . We can, then, suggest that hormone fluctuations across menstrual cycle may not affect muscle activity during rest and that OCs may not affect this activity by itself.
Anterior temporal electrical activity during chewing at the PCS was significantly increased in OC users group, when compared to non-PCS (exception to luteal phase in the last side). A literature review [26] cited that plasma and brain concentration of some neuroactive steroids are reduced by OC treatment, and since these steroids are supposed to play a potential role on mood regulation, OCs are also supposed to be associated to some mood disorders. In this way, chewing muscles may be affected by emotional alterations; maybe OCs treatment could alter muscles reactions to masticatory force.
Electrical activity from masseter muscle was not statistical different among phases within each group. It was though, higher in all phases of menstrual cycle for OC users.
At present study OC users does not demonstrate decreased PPT regardless of increased electrical activity during chewing. The literature concerning the influence of exogenous hormones on TMD is contradictory. Oral contraceptives use was also associated with referral for TMD care, with an increased risk of TMD [11] [12] [27] . We observed a tendency of PPT be decreased in this group (G2). We can suggest that PPT is influenced by others factors that need to be investigated. A study [18] suggested that the PPTs of several masticatory muscles are influenced by the ovarian cycle, but to a minor extent, and the influence is of limited clinical relevance. It is also important to remember that a tissue response to hormone fluctuation depends on the presence and amount of specific hormone receptors [26] .
Fluctuations in pain threshold across the menstrual cycle, seems to be more relevant in subjects with temporomandibular disorders, [13] especially articular ones [28] .
Conclusion
Considering this, we conclude that electrical activities of anterior temporal and masseter during chewing were influenced by OCs and that the rest electrical activities didn't fluctuate across menstrual cycle. And, in asymptomatic subjects, the PPT was not affected by OCs use and menstrual cycle.
